We examine the supersymmetry phenomenology of a novel scenario of supersymmetry (SUSY) breaking which we call Gaugino Anomaly Mediation, or inoAMSB. This is suggested by recent work on the phenomenology of flux compactified type IIB string theory. The essential features of this scenario are that the gaugino masses are of the anomalymediated SUSY breaking (AMSB) form, while scalar and trilinear soft SUSY breaking terms are highly suppressed. Renormalization group effects yield an allowable sparticle mass spectrum, while at the same time avoiding charged LSPs; the latter are common in models with negligible soft scalar masses, such as no-scale or gaugino mediation models. Since scalar and trilinear soft terms are highly suppressed, the SUSY induced flavor and CP -violating processes are also suppressed. The lightest SUSY particle is the neutral wino, while the heaviest is the gluino. In this model, there should be a strong multi-jet +E miss T signal from squark pair production at the LHC. We find a 100 fb −1 reach of LHC out to m 3/2 ∼ 118 TeV, corresponding to a gluino mass of ∼ 2.6 TeV. A double mass edge from the opposite-sign/same flavor dilepton invariant mass distribution should be visible at LHC; this, along with the presence of short-but visible-highly ionizing tracks from quasi-stable charginos, should provide a smoking gun signature for inoAMSB. *
Introduction
String theory is very attractive in that it allows for a consistent quantum mechanical treatment of gravitation, while at the same time including all the necessary ingredients for containing the well-known gauge theories which comprise the Standard Model of particle physics. Phenomenologically viable versions of string theory require the stabilization of all moduli fields as well as weak to intermediate scale supersymmetry breaking. Models satisfying these criteria were first developed in the context of type IIB string theory using flux compactifications and non-perturbative effects on Calabi Yau orientifolds (CYO's) (for reviews see [1] [2]). The low energy limit of type-IIB string theory after compactification on a CYO is expected to be N = 1 supergravity (SUGRA).
Two classes of the above models which yield an interesting supersymmetry breaking scenario have been studied: a) Those with only a single Kähler modulus (SKM models). These are essentially of the KKLT type [3] but with uplift coming from one-loop quantum effects.
b) Large Volume Scenario (LVS) [4] models which require at least two moduli.
In both of these types of models, the moduli fields are stabilized using a combination of fluxes and non-perturbative effects. Additionally, supersymmetry is broken by the moduli fields acquiring non-zero F-terms and interacting gravitationally with the MSSM. For both models, the gauginos acquire mass predominately through a Weyl anomaly effect while the classical contribution to the scalar masses and trilinear coupling constants are naturally suppressed.
Generically in a string model there are three types of contributions to the soft SUSY breaking terms:
1. Terms generated by classical string theory effects.
Terms generated by quantum effects (effectively string loop corrections).
3. Weyl anomaly (AMSB) contributions [5] to the gaugino masses.
In this class of models, the MSSM may be located on D3 branes at a singularity or on D7 branes wrapping a collapsing four cycle in the CYO. The string theory calculations are expected to give boundary conditions at (or near) the string scale M string , which may range (almost) up to the GUT scale or as low as some intermediate scale ≪ M GU T . In both cases, the classical string theory as well as 1-loop quantum contributions to the soft SUSY breaking terms are suppressed relative to the weak scale. For gaugino masses, it has been shown that these will gain contributions from the Weyl anomaly, and therefore assume the usual form as expected in models with anomaly-mediated SUSY breaking:
Here i labels the gauge group, g i is the associated gauge coupling, m 3/2 is the gravitino mass, and b i is the co-efficient of the gauge group beta function: b i = (33/5, 1, −3). Meanwhile, soft SUSY breaking scalar masses will have generically suppressed classical string masses and 1-loop contributions, and receive no contribution from Weyl anomalies [6] .
To good approximation, we can set in this class of models,
where m 0 is the common soft SUSY breaking scalar mass at M string and A 0 is the trilinear soft SUSY breaking (SSB) term. In addition, the bilinear SSB mass B and the superpotential µ term would be zero at the classical (AdS) minimum. However these can acquire non-zero values once uplift terms that correct the value of the cosmological constant are turned on. Here, we will feign ignorance as to the origin of these terms, and instead adopt a phenomenological approach which determines their values by finding an appropriate minimum of the electroweak scalar potential. The minimization procedure allows one to trade the B parameter for the ratio of Higgs field vevs tan β, and to require the value of |µ| which is needed in order to specify the correct mass of the Z boson [7] . In this case, the SKM and LVS models would both be well-described by the following parameter space m 3/2 , tan β, sign(µ),
where in addition we take m 0 = A 0 = 0. While the SSB scalar and trilinear terms are small at M string , they can become large at Q = M weak due to renormalization group (RG) running. In fact, these sort of RG boundary conditions are similar to those of no-scale supergravity models (NS) [8] , and also gaugino-mediated SUSY breaking (inoMSB) models [9] . However, in both NS and inoMSB models, it is expected that the gaugino masses unify to a common gaugino mass m 1/2 at the string scale. The fact that both scalar and trilinear soft SUSY breaking terms have only small contributions at the high scale (compactification scale M c , M P or M GU T ) is highly desirable for solving the SUSY flavor and CP problems. In the general MSSM, unconstrained off-diagonal terms in the scalar and trilinear sector lead to large contributions to flavor changing and CP violating processes, for which there are tight limits [10] . Under renormalization group evolution, the off-diagonal terms remain small, while diagonal terms receive significant contributions due to gauge interactions and the large gaugino masses.
Using the NS or inoMSB boundary conditions, it is well known that one gains a sparticle mass spectrum with τ sleptons as the lightest SUSY particle (LSP)
1 . In models with R-parity conservation, theτ 1 would be absolutely stable, thus violating constraints coming from search experiments for long lived, stable charged relics from the Big Bang. One way around this dilemma has been suggested by Schmaltz and Skiba [11] : adopting M string > M GU T , so that above-the-GUT-scale running lifts the value of m 0 above zero at the GUT scale. Another possibility is to allow for unconstrained, or a less-constrained, form of non-universal gaugino masses [12] .
We find here that the m 0 ∼ A 0 ∼ 0 boundary conditions-along with the AMSB form for gaugino masses-in fact leads to viable sparticle mass spectra across most of parameter space, without the need for above-the-GUT-scale running, or a less-constrained form for gaugino masses, or an artifically light gravitino mass. While these boundary conditions seem to emerge naturally in type IIB string models with flux compactifications, we may also consider such boundary conditions by themselves as being perhaps more general, and well-motivated by their desirable low energy features. For this reason, we will hereafter refer to the class of models leading to the above boundary conditions as gaugino anomaly mediated SUSY breaking, or inoAMSB models, since only the gaugino masses receive contributions of the AMSB form, and the other soft parameters are similar to those as generated in gaugino mediation.
The remainder of this paper is organized as follows. In Sec. 2, we review some of the string theoretic supergravity model details that motivate us to consider the inoAMSB form of boundary conditions. In Sec. 3, we plot out the spectra of superpartners that is expected in the inoAMSB model. While some features are similar to what is known as "minimal" AMSB (mAMSB), some crucial differences exist that may allow one to distinguish inoAMSB from mAMSB and also "hypercharged" anomaly-mediation (HCAMSB) [13] . We also examine what happens if the string scale is taken to be some intermediate value, or if some small universal scalar mass is adopted. We also plot out low energy constraints from BF (b → sγ) and (g − 2) µ . In Sec. 4, we examine the sort of signatures expected from the inoAMSB model at the CERN LHC. Since squark masses are always lighter than gluinos, we expect a large rate forqq and qg production, leading to a large rate for multi-jet+E miss T events. Since the lightest SUSY particle is a neutral wino, as in most AMSB-type models, we expect a nearly mass degenerate, quasi-stable chargino, which can lead to short but observable highly ionizing tracks in a collider detector. In addition, squarks cascade decay to neutralinos, followed by neutralino decay to lepton plus either left-or right-slepton states. The unique cascade decay pattern leads to a distinct double mass edge in the same-flavor/opposite-sign dilepton invariant mass distribution, which distinguishes inoAMSB from mAMSB or HCAMSB. In Sec. 5, we present our conclusions.
2 Effective supergravity from IIB strings: Overview of Models
Effective Supergravity Theory
The low energy limit of IIB string theory, after compactification on a Calabi-Yao orientifold, yields N = 1 supergravity. The (superspace) action then has the generic form (see for example [14, 15] )
where we have set M P = (8πG N ) −1/2 = 2.4 × 10 18 GeV = 1. Here K-the Kähler potential-is a real superfield as is the gauge pre-potential V . W -the superpotential-is a holomorphic field, as is the gauge coupling function f a and the (fermionic) gauge (super) field strength W(V ). Ed 8 z is the full superspace measure and Ed 6 z is the chiral superspace measure. Ignoring the D-terms, which are zero at the minimum of the potential in the class of models considered here, the SUGRA potential takes the standard form (after going to the Einstein frame)
Here
2 becomes the squared gravitino mass when evaluated at the minimum of the potential.
We separate the chiral superfields of the theory into moduli fields (which come from string theory and describe the internal geometry of the CY manifold ) and the dilaton (which are collectively called Φ) and the MSSM fields (which we have called C). Expanding K and W in powers of the MSSM fields we have:
Here we have separated the two Higgs superfield multiplets (H d,u ). The moduli fields essentially play the role of spurion fields that break supersymmetry, once they are stabilized and acquire a definite vacuum expectation value such that one or more of them also has a non-zero F-term. AlsoK
Here V is the volume of the CYO and is a function of the Kähler moduli superfields T i (with i = 1, · · · , h 11 ), andξ is a stringy (α ′ ) correction that is an O(1) number depending on the Euler character of the CYO and the real part of the dilaton superfield S. Ω is the holomorphic three form on the CYO and is a function of the complex structure moduli superfields U r (with r = 1, · · · , h 21 ).
Single Kähler modulus scenario
In this construction, type IIB string theory is compactified on a CYO and the MSSM lives on a stack of D3 branes. We take a CYO with just one Kähler modulus, T , (i.e. h 11 = 1) but with a number ∼ 10 2 of complex moduli, U r . These moduli, along with the axio-dilaton, S, are then stabilized using internal fluxes and non-perturbative effects. Classically, we can find a minimum of this potential with the F -term of T being ∼ m 3/2 with the other moduli F -terms being suppressed. The cosmological constant would be negative but suppressed. The soft terms are also highly suppressed. This solution of course receives quantum mechanical corrections starting at 1-loop. In terms of an effective field theory description, they would depend on a string scale cutoff Λ. These can serve to uplift the cosmological constant and to generate the soft SUSY breaking masses, proportional to Λ 4π m 3/2 . The cutoff Λ is essentially the string scale and in this class of models may be taken as large as 10 −2 M P so that a GUT scenario could be accommodated. This class of models is discussed in [16] .
Large Volume Scenario (LVS)
In this class of models [4] , we again compactify IIB string theory on a CYO. However, we now consider more than one Kähler modulus, T i (i = 1, · · · , h 11 ). In particular-in the simplest such situation-we have a large modulus, τ b , and small moduli, (τ s , τ a ), controlling the overall size of the CYO and the volume of two small 4-cycles respectively. The total volume is then given by
This is referred to as a "Swiss Cheese" model. Again the MSSM may be located on D3 branes at a singularity. Alternatively, we could have it on a stack of D7 branes wrapping a four cycle (taken to be the one labelled by the index a). In this case, it has been argued [17, 18] 
. This minimum can be uplifted to zero when S and U r acquire (squared) F -terms of the order
. Classical contributions to the scalar and slepton masses are also of this same order. With the above lower bound on the volume, this means that even for m 3/2 ∼ 100 TeV, the classical soft terms are < ∼ 100 GeV. Of course if one wants to avoid finetuning of the flux superpotential, we would need to take even larger values of V corresponding to a string scale of 10 12 GeV. In this case the classical soft terms are completely negligible (for m 3/2 ∼ 100 TeV) but the (classical) µ-term is also strongly suppressed.
In the rest of this section we will call the holomorphic variable associated with the large modulus τ b , T .
Gaugino Masses -Weyl Anomaly Effects
For a generic version of supergravity, the gaugino masses satisfy the following relation at the classical level:
For both the single Kähler modulus model and LVS cases, the leading contribution to the gauge coupling function f a (Φ) comes from the axio-dilaton S, so at a classical minimum where the SUSY breaking is expected to be in the T modulus direction, the string theoretic contribution to the gaugino mass is highly suppressed. However, there is an additional contribution to the gaugino mass due to the (super) Weyl anomaly. This comes from the expression for the effective gauge coupling superfield that has been derived by Kaplunovsky and Louis [21] (KL)
2 . For the gaugino masses, the relevant con-tribution comes from taking the F -term of
Here, the first term on the RHS is the classical term; the second comes from the anomaly associated with rotating to the Einstein-Kähler frame. c a = T (G a ) − r T a (r) is the anomaly coefficient and the last term comes from the anomaly associated with the transformation to canonical kinetic terms for the MSSM fields. Also note that we have ignored the gauge kinetic term normalization anomaly [22, 6] which is a higher order effect. The chiral superfields φ, φ r that generate these transformations are given by,
φ r +φ r = ln detK
The instruction on the RHS of the first equation is to take the sum of the chiral and anti-chiral (i.e. harmonic) part of the expression. After projecting the appropriate F terms we arrive at the following expression:
As pointed out earlier, the first (classical) term is greatly suppressed relative to m 3/2 . The dominant contribution therefore comes from the last two (Weyl anomaly) contributions. It turns out that (after using the formulae
which are valid up to volume suppressed corrections), this yields 3 ,
where
is the beta function coefficient.
Scalar Masses, Trilinear Couplings, µ and Bµ terms
Here we summarize the results from this class of string theory models for the values of the soft parameters at the UV scale, i.e. Λ ∼ M string ∼ M P / √ V. These values should be the initial conditions for the RG evolution of these parameters. In the LVS case, it was estimated [19] that the lower bound on the CYO volume was V > 10
5 . Also, we will choose typical values
2 ) for the number of complex structure moduli. We will also take the gravitino mass m 3/2 ∼ |W |M P /V ∼ 50 TeV. Such a large value of m 3/2 allows us to avoid the SUGRA gravitino problem, which leads to a disruption of Big Bang nucleosynthesis if m 3/2 < ∼ 5 TeV and T R > ∼ 10
5 GeV [23] .
Unlike the gaugino masses, scalar masses and trilinear soft terms do not acquire corrections from the Weyl anomaly. They are essentially given at the UV scale by their classical string theory value plus one loop string/effective field theory corrections. In the h 11 = 1 case, the classical soft terms are essentially zero while in the LVS case
After adding quantum corrections at the UV scale both cases give similar values for the soft terms. As an example, we illustrate for two values for the CYO volume:
The second very large volume case can be accessed only in the LVS model.
The first case is at the lower bound for the volume. This gives the largest allowable string scale. This is still somewhat below the apparent unification scale, but it is close enough that (allowing for undetermined O(1) factors) we may use the GUT scale as the point at which to impose the boundary conditions. This is useful for the purpose of comparing with other models of SUSY mediation where it is conventional to use the GUT scale. The second case above corresponds to choosing generic values of the flux superpotential, while the first needs a fine tuned set of fluxes to get |W | ∼ 10 −8 , in order to have a gravitino mass of ∼ 10 2 TeV, though in type IIB string theory general arguments show that there exist a large number of solutions which allow this. The most significant problem with the second case (apart from the fact that there is no hope of getting a GUT scenario) is the extremely low upper bound on the µ term. In other words, there is a serious µ-problem. The first case also may have a µ term problem, but again since these estimates are accurate only to O(1) numbers, it is possible to envisage that the problem can be resolved within the context of this model.
In any case, as we discussed in the introduction, we are going to take an approach where the string theory input is used to suggest a class of phenomenological models. Given that in both the GUT scale model and the intermediate scale model, the soft scalar mass and A term are suppressed well below the weak scale, we will input the value zero for these at the UV scale, while the gaugino masses at this scale are given by (17) .
We also discuss the case when the input scalar mass m 0 is non-negligible. This would be the case for instance in the SKM model with smaller volumes and/or larger values of h 21 , and also in the case of LVS with the volume at the lower bound but with larger values of h 21 .
3 Mass spectra, parameter space and constraints for the inoAMSB model 3.1 Sparticle mass spectra and parameter space
We begin our discussion by examining the sort of sparticle mass spectra that is expected from the inoAMSB boundary conditions:
We compute the sparticle mass spectra using the Isasugra subprogram of the event generator Isajet [24] , along with the option of non-universal gaugino masses. The parameter space is that of Eq. 3.
After input of the above parameter set, Isasugra implements an iterative procedure of solving the MSSM RGEs for the 26 coupled renormalization group equations, taking the weak scale measured gauge couplings and third generation Yukawa couplings as inputs, as well as the above-listed GUT scale SSB terms. Isasugra implements full 2-loop RG running in the DR scheme, and minimizes the RG-improved 1-loop effective potential at an optimized scale choice Q = √ mt L mt R (which accounts for leading two-loop terms) [25] to determine the magnitude of µ and the value of m A . All physical sparticle masses are computed with complete 1-loop corrections, and 1-loop weak scale threshold corrections are implemented for the t, b and τ Yukawa couplings [26] . The off-set of the weak scale boundary conditions due to threshold corrections (which depend on the entire superparticle mass spectrum), necessitates an iterative up-down RG running solution. The resulting superparticle mass spectrum is typically in close accord with other sparticle spectrum generators [27] . We begin by examining a single point in inoAMSB parameter space, where m 3/2 = 50 TeV, and tan β = 10, with µ > 0 as suggested by the (g − 2) µ anomaly [28, 29] . In Fig. 1 , we plot in frame a). the running gaugino masses, and in frame b). the running third generation and Higgs soft SUSY breaking scalar masses. We actually plot here sign(m 2 i ) × |m 2 i |, in order to show the possible running to negative squared masses, while at the same time showing the true scale of the soft terms in GeV units. Frame a). is as expected in most AMSB masses i.e. where M 1 ≫ |M 3 | ≫ M 2 at Q = M string , where here we take M string = M GU T . The RG running of the gaugino masses leads to −M 3 ≫ M 1 at Q = M weak , while M 2 remains the lightest of gaugino masses at the weak scale, leading to a wino-like lightest neutralino Z 1 , which might also be the lightest SUSY particle (LSP). In frame b)., we see that the SSB scalar masses, beginning with negligible GUT scale values, are initially pulled up to positive values, mainly by the influence of the large value of M 1 at the GUT scale. In fact, the right-slepton mass m 2 E 3 initially evolves to the highest values, since it has the largest hypercharge quantum number Y = 2. The disparate Y values between E 3 and the doublet L 3 lead ultimately to a large splitting between left-and right-slepton SSB masses in the inoAMSB case, while these masses tend to be quite degenerate in mAMSB [30] . As the scale Q moves to values ≪ M GU T , QCD effects pull the squarks to much higher masses: in this case around the TeV scale, while sleptons, which receive no QCD contribution, remain in the 200-400 GeV range. The value of m 2 Hu is driven as usual to negative squared values, resulting in a radiative breakdown of electroweak symmetry (REWSB). Since M 2 < m 2 L 3 , we generically find a wino-like neutralino as the LSP, and there is no problem with a charged LSP (as in NS/inoMSB models) or tachyonic sleptons (as in AMSB). Once the weak scale SSB terms are computed, then the physical mass eigenstates and mixings may be computed, and one-loop mass corrections added. The resulting physical mass spectrum is listed schematically in Fig. 2a) . and in Table 1 , column 3. We adopt this inoAMSB model as a benchmark case, labeled inoAMSB1. In Table 1 , we also show for comparison two related cases with m 3/2 = 50 TeV and tan β = 10: for mAMSB supersymmetry in column 1, with m 0 = 300 GeV, and in HCAMSB [13] , column 2, with mixing parameter α = 0.025. 4 While the first three cases listed in Table 1 have similar values of mg and m W 1 , Z 1 (due to the same input value of m 3/2 ), we see that inoAMSB1 has the previously noted largeẽ L -ẽ R splitting, with mẽ L < mẽ R , while mAMSB has nearly degenerateẽ L andẽ R , with mẽ R < mẽ L . However, the left-right slepton splitting in inoAMSB1 is not as severe as that shown in HCAMSB1, from Ref. [13] , where an even larger value of M 1 at M GU T is expected. In the HCAMSB1 case, the Z 4 state tends to be nearly pure bino-like, whereas in inoAMSB1, it is instead higgsino-like. Next, we investigate the effect of varying m 3/2 on the sparticle mass spectrum. We plot in Fig. 3 the mass spectra of various sparticles versus m 3/2 in the inoAMSB model while taking tan β = 10, µ > 0 and m t = 172.6 GeV. The lowest value of m 3/2 which is allowed is m 3/2 = 32.96 TeV. Below this value, m W 1 < 91.9 GeV, which is excluded by LEP2 searches for charginos from AMSB models [31] . We see from Fig. 3 that there is a characteristic mass hierarchy in the inoAMSB model, where m Z 1 , W 1 < mẽ L ,ν eL < mẽ R < |µ| < mq < mg. As 0.4% 0.2% 0.1% 0% Table 1 : Masses and parameters in GeV units for four case study points mAMSB1, HCAMSB1, inoAMSB1 and inoAMSB2 using Isajet 7.80 with m t = 172.6 GeV and µ > 0. We also list the total tree level sparticle production cross section in fb at the LHC. m 3/2 increases, all these masses grow, but the relative hierarchy is maintained. For such a spectrum with mq < mg and with relatively light sleptons, we would thus expect LHC collider events which are dominated by squark pair production, followed by squark cascade decays q → q Z i → ql ± ℓ ∓ , which would lead to events with two hard jets (plus additional softer jets) and rich in isolated leptons coming from cascade decay produced sleptons. In Fig. 4 , we show the variation in sparticle masses against tan β with m 3/2 fixed at 50 TeV. As tan β increases, the b and τ Yukawa couplings both increase. These act to suppress the sbottom and stau SSB mass terms, and also give larger left-right mixing to the mass eigenstates. In addition, the value of m drops as tan β increases, the value of m A also drops sharply with increasing tan β. The point at which m A drops below limits from LEP2 searches (and shortly thereafter REWSB no longer occurs in a valid fashion) provides the high tan β boundary to the parameter space.
In Fig. 5 , we show the entire parameter space for the inoAMSB model in the m 3/2 vs. tan β plane for µ > 0 with m t = 172.6 GeV. The gray shaded region gives allowable sparticle mass spectra. The orange region gives chargino masses below the LEP2 limit, and so is experimentally excluded. The brown shaded region for tan β > ∼ 42 is excluded because REWSB no longer occurs in an appropriate fashion. The brown shaded region at very low tan β gives too light a value of m h : here we require m h > 111 GeV (even though LEP2 requires m h > 114.4 GeV), due to a projected ∼ ±3 GeV theory error on our lightest Higgs mass calculation. We also show contours of mg ranging from 1-5 TeV. The mg ∼ 5 TeV range will surely be beyond the reach of LHC. As noted in Sec. 2, in the inoAMSB model the string scale M string need not be equal to M GU T . If it is not, then it can have significant effects on the sparticle mass spectrum. The sparticle mass spectrum versus variable M string is shown in Fig. 6 for the case where m 3/2 = 50 TeV, tan β = 10 and µ > 0. Here, we see that the sparticle mass spectrum spreads out as M string varies from M GU T down to 10 11 GeV. In addition, some important level crossings occur. Most important of these is that for M s < ∼ 5 × 10 13 GeV, theν τ state becomes the lightest MSSM particle, and for even lower M s values, mν e and mν µ drop below m Z 1 . There already exist severe limits on stable sneutrino dark matter [32] , which discourage this type of scenario. If we insist upon a neutralino as LSP, then we must take not too low a value of M s .
Finally, we note that in the inoAMSB model, scalar masses and A-parameters are expected to be suppressed, but they are not expected to be exactly zero. In Fig. 7 , we show the mass spectra from inoAMSB models where we add an additional universal mass contribution m 0 to all scalars. We adopt values m 3/2 = 50 TeV and tan β = 10 for this plot. As m 0 increases beyond zero, it is seen that the spectra change little so long as m 0 < ∼ 100 GeV, and also the mass orderings remain intact. For larger values of m 0 , the left-and right-slepton masses begin to increase, with first mẽ R surpassing m Z 2 , and later even mẽ L surpasses m Z 2 . At these high values of m 0 , decay modes such as Z 2 → ℓ ±l∓ would become kinematically closed, thus greatly altering the collider signatures. However, generically in this class of models, we would not 
BF (b → sγ) and (g − 2) µ in inoAMSB
Along with experimental constraints on the inoAMSB models from LEP2 limits on m h and m W 1 , there also exist indirect limits on model parameter space from comparing measured values of BF (b → sγ) and ∆a µ ≡ (g − 2) µ /2 against SUSY model predictions.
BF (b → sγ)
As an example, we show in Fig. 8 regions of the branching fraction for BF (b → sγ) in the inoAMSB model versus m 3/2 and tan β variation, calculated using the Isatools subroutine ISABSG [33] . The red-shaded region corresponds to branching fraction values within the SM theoretically predicted region BF (b → sγ) SM = (3.15 ± 0.23) × 10 −4 , by a recent evaluation by Misiak [34] ). The blue-shaded region corresponds to branching fraction values within the experimentally allowed region [35] : here, the branching fraction BF (b → sγ) has been measured by the CLEO, Belle and BABAR collaborations; a combined analysis [35] finds the branching fraction to be BF (b → sγ) = (3.55 ± 0.26) × 10 −4 . The gray shaded region gives too large a value of BF (b → sγ). This region occurs for low m 3/2 , where rather lightt 1 and W 1 lead to large branching fractions, or large tan β, where also the SUSY loop contributions are enhanced [36] . 
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In Fig. 9 , we plot the SUSY contribution to ∆a µ : ∆a SU SY µ (using ISAAMU from Isatools [29] ). The contribution is large when m 3/2 is small; in this case, rather lightμ L andν µL masses lead to large deviations from the SM prediction. The SUSY contributions to ∆a SU SY µ also increase with tan β. It is well-known that there is a discrepancy between the SM predictions for ∆a µ , where τ decay data, used to estimate the hadronic vacuum polarization contribution to ∆a µ , gives rough accord with the SM, while use of e + e − → hadrons data at very low energy leads to a roughly 3σ discrepancy. The measured ∆a µ anomaly, given as (4.3 ± 1.6) × 10 −9 by the Muon g − 2 Collaboration [28] , is shown by the black dotted region. Figure 9 : SUSY contribution to ∆a µ versus m 3/2 and tan β variation in the inoAMSB model with M string = M GU T . We also take µ > 0 and m t = 172.6 GeV.
Dark matter in inoAMSB
Finally, we remark upon the relic density of dark matter in the inoAMSB model. If thermal production of the lightest neutralino is assumed to give the dominant DM in the universe, then all over parameter space, the predicted neutralino abundance Ω Z 1 h 2 is far below the WMAP measured value of Ω CDM h 2 ∼ 0.11. Some sample calculated values are listed in Table 1 . It has been suggested in Ref. [37] that production and decay of moduli fields or other processes can also contribute to the DM abundance. Decay of moduli fields in the early universe could then account for the discrepancy between the measured DM abundance and the predicted thermal abundance in inoAMSB models.
As an alternative, if the strong CP problem is solved via the Peccei-Quinn mechanism, then a superfield containing the axion/axino multiplet should occur. In this case, a mixture of axions [38] and axinos [39] , rather than wino-like neutralinos, could constitute the DM abundance [40] . The exact abundance will depend on the axino mass mã, the Peccei-Quinn breaking scale f a , and the re-heat temperature T R after inflation.
In light of these two alternative DM mechanisms, we regard the inoAMSB parameter space as essentially unconstrained by the measured abundance of DM in the universe. 4 The inoAMSB model and the LHC
Sparticle production at LHC
In the inoAMSB model, for benchmark point inoAMSB1, we list several sparticle production cross sections in Table 1 . We see that for this case, the dominant sparticle production consists of electroweak-ino pair production: mainly pp → W 
where the π ± is very soft), these reactions do not provide enough visible energy to meet detector trigger requirements (unless there is substantial initial state radiation).
The major visible production reactions consist of pp →gg,gq andqq production (here, we takeq to represent generic species of both squarks and anti-squarks). In the case of inoAMSB models, we expect mq ∼ 0.9mg. Strongly interacting sparticle production cross sections (at NLO using Prospino [41] ) are shown versus m 3/2 in Fig. 10 for tan β = 10, µ > 0 and M s = M GU T . We see that the reactions pp →qq andqg are roughly comparable, withqg production dominating for m 3/2 < ∼ 65 TeV, andqq pair production dominating for higher m 3/2 values. The pp →gg production cross section always occurs at much lower rates. For mg ∼ 3 TeV, corresponding to m 3/2 ∼ 150 TeV, the total hadronic SUSY cross section is around 0.1 fb, which should be around the upper limit of LHC reach given 100 fb −1 of integrated luminosity. Since sleptons are much lighter than squarks in inoAMSB models, we also expect possibly observable rates for slepton pair production. Pair production rates for pp →ẽ
R and ν eLẽL are also shown in Fig. 10 . Typically, the LHC reach for direct slepton pair production ranges up to ml ∼ 350 GeV for 10 fb −1 [42] , corresponding to a m 3/2 value of ∼ 75 TeV. Thus, LHC reach should be much higher in the hadronic SUSY production channels.
Sparticle decays in inoAMSB models
Since mg > mq in inoAMSB models, we will haveg → qq, nearly democratically to all squark species. The left-squarks will dominantly decay to wino + q, and we findq L → q W 1 at ∼ 67%, whileq L → q Z 1 at ∼ 33%, all over parameter space. The right-squark decays are simpler. Thẽ q R decays mainly to bino + q, so that in the inoAMSB model line, we obtainq R → Z 2 q at ∼ 97% over almost all parameter space, since in this case Z 2 is nearly pure bino-like.
For the sleptons, the left-sleptons dominantly decay to wino + lepton, so we findl be nearly invisible, unless the highly ionizing W 1 track is found in the micro-vertex detector. The sneutrino decays asν ℓL → Z 1 ν ℓ at ∼ 33%, which is again nearly invisible. However, it also decays viaν ℓL → ℓ W 1 at ∼ 66%, which provides a detectable decay mode for the sneutrinos. Theẽ R would like to decay to bino + lepton, but in the case of inoAMSB models, the bino-like neutralino is too heavy for this decay to occur. In the case of inoAMSB1 benchmark point, we instead getl R → e Z 1 at ∼ 78%. Since this decay mode is suppressed, some three body decay modes can become comparable. In his case, we findl
at ∼ 7%.
LHC collider events for the inoAMSB models
We use Isajet 7.80 [24] for the simulation of signal and background events at the LHC. A toy detector simulation is employed with calorimeter cell size ∆η×∆φ = 0.05×0.05 and −5 < η < 5. The hadronic calorimeter (HCAL) energy resolution is taken to be 80%/ √ E + 3% for |η| < 2.6 and forward calorimeter (FCAL) is 100%/ √ E + 5% for |η| > 2.6. The electromagnetic (ECAL) energy resolution is assumed to be 3%/ √ E + 0.5%. We use the UA1-like jet finding algorithm GETJET with jet cone size R = 0.4 and require that E T (jet) > 50 GeV and |η(jet)| < 3.0. Leptons are considered isolated if they have p T (e or µ) > 20 GeV and |η| < 2.5 with visible activity within a cone of ∆R < 0.2 of ΣE cells T < 5 GeV. The strict isolation criterion helps reduce multi-lepton backgrounds from heavy quark (cc and bb) production.
We identify a hadronic cluster with E T > 50 GeV and |η(j)| < 1.5 as a b-jet if it contains a B hadron with p T (B) > 15 GeV and |η(B)| < 3 within a cone of ∆R < 0.5 about the jet axis. We adopt a b-jet tagging efficiency of 60%, and assume that light quark and gluon jets can be mis-tagged as b-jets with a probability 1/150 for E T < 100 GeV, 1/50 for E T > 250 GeV, with a linear interpolation for 100 GeV< E T < 250 GeV [43] .
We have generated 2M events for case inoAMSB1 from Table 1 . In addition, we have generated background events using Isajet for QCD jet production (jet-types include g, u, d, s, c and b quarks) over five p T ranges as shown in Table 2 . Additional jets are generated via parton showering from the initial and final state hard scattering subprocesses. We have also generated backgrounds in the W + jets, Z + jets, tt(172.6) and W W, W Z, ZZ channels at the rates shown in the same Table. The W + jets and Z + jets backgrounds use exact matrix elements for one parton emission, but rely on the parton shower for subsequent emissions.
For our initial selection of signal events, we first require the following minimal set of cuts labeled C1:
• E T (j1, j2) > 100, 50 GeV,
Since sparticle production in inoAMSB models is dominated byqg andqq reactions, followed byq → q Z i or q ′ W j , we expect at least two very hard jets in each signal event.
In Fig. 11 , we plot out the distribution in a). hardest and b). second hardest jet p T for the signal case inoAMSB1 along with the summed SM background (denoted by gray histograms). In the case of p T (j 1 ), background is dominant for lower p T values < ∼ 400 GeV, while signal emerges from background for higher p T values. In the case of p T (j 2 ), signal emerges from background already around 250-300 GeV. The rather hard jet p T distributions are characteristic of squark pair production, followed by 2-body squark decay into a hard jet. 0 500 1000 1500 p T (j 1 ) (GeV) In Fig. 12 , we show the distributions in a). E miss T and b). A T = E T (where the sum extends over all jets and isolated leptons) expected from inoAMSB1 along with SM background. In this case, the E miss T distribution from SUSY emerges from background at around 400-500 GeV, illustrating the rather hard E miss T distribution expected fromgq andqq pair production, followed by 2-body decays. The A T signal distribution actually exhibits two components: a soft peak around 400 GeV which comes from chargino, neutralino and slepton pair production, and a hard peak at much higher values coming from gluino and squark pair production. The low peak is buried under background, while the higher peak emerges from background at around 1400 GeV. Fig. 13 shows the distribution in a). jet multiplicity n j and b). isolated lepton (both es and µs) multiplicity n ℓ from the inoAMSB1 benchmark, compared to SM background after C1 cuts. While the signal is dominated byqq andqg pair production, the jet multiplicity actually exhibits a broad peak around n j ∼ 2 − 5. Nominally, we would expect dijet dominance from squark pair production. But additional jets from cascade decays and initial state radiation help broaden the distribution. The broadness of the distribution also depends on our jet E T cut, which requires only that E T (jet) > 50 GeV. In the case of isolated lepton multiplicity, we see that background dominates signal for n ℓ = 0, 1 and 2. However, BG drops more precipitously as n ℓ increases, so that for n ℓ = 3 or 4, signal now dominates background [44] . In these cases, even with minimal cuts, an isolated 3ℓ+ ≥ 2 jets+E miss T signal should stand out well above background. 
LHC cascade decay events including HITs: a smoking gun for models with wino-like neutralinos
Of course, a distinctive property of models like inoAMSB (and also mAMSB and HCAMSB) with a wino-like Z 1 state is that the chargino is very long lived [45] : of order ∼ 10 −10 sec. Thus, once we have obtained cascade decay signal events in any of the multi-jet plus multi-lepton plus E miss T channels, we may in addition look for the presence of a highly-ionizing track (HIT) from the long-lived chargino. The presence of HITs in the SUSY collider events would be indictative of models such as inoAMSB, mAMSB or HCAMSB, where M 2 ≪ M 1 and M 3 , so that the lightest neutralino is a nearly pure wino state and where m W 1 ≃ m Z 1 .
The reach of LHC in the inoAMSB model line
We would next like to investigate the reach of the CERN LHC for SUSY in the inoAMSB context. To this end, we will adopt the inoAMSB model line with variable m 3/2 but fixed tan β = 10 and µ > 0. The sparticle mass spectra versus m 3/2 was shown previously in Fig. 3 Motivated by the previous signal and background distributions, we will require the following cuts C2 [46] :
where E c T can be variable. Parameter space points with lower sparticle masses will benefit from lower choices of E c T , while points with heavier sparticle masses-with lower cross sections but higher energy release per event-will benefit from higher choices of E c T . In addition, in the zeroleptons channel we require 30
• between the E miss T and the nearest jet in transverse opening angle. For all isolated leptons ℓ, we require p T (ℓ) > 20 GeV. We separate the signal event channels according to the multiplicity of isolated leptons: we exhibit the 0ℓ, opposite-sign (OS) dilepton, 3ℓ and 4ℓ channels. Here, we do not here require "same flavor" on the OS dilepton events. We suppress the 1ℓ and same-sign dilepton SS channels for brevity, and because the reach is better in the channels shown.
The resultant cross sections after cuts C2 for SM backgrounds along with signal point inoAMSB1 are listed in Table 2 for E c T = 100 GeV. For each BG channel, we have generated ∼ 2 million simulated events. With the hard cuts C2, we are unable to pick up BG cross sections in some of the multi-lepton channels. We will consider a signal to be observable at an assumed value of integrated luminosity if i) the signal to background ratio, S/BG ≥ 0.1, ii) the signal has a minimum of five events, and iii) the signal satifies a statistical criterion S ≥ 5 √ BG (a 5σ effect).
Using the above criteria, the 100 fb −1 reach of the LHC can be computed for each signal channel. In Fig. 14 , we show the signal rates versus m 3/2 for the inoAMSB model line for E c T = 100 (solid blue), 300 (dot-dash red) and 500 GeV (dashed purple). The 100 fb −1 LHC reach is denoted by the horizontal lines for each E c T value. From frame a)., for the multijet+E + OS, 3ℓ and 4ℓ channels, respectively. While the reach is qualitatively similar in all channels, the best reach comes from the 3ℓ channel, where the 100 fb −1 LHC can detect inoAMSB models up to m 3/2 ∼ 118 TeV (corresponding to a reach in mg of 2.6 TeV), using E c T = 500 GeV. The 100 fb −1 LHC reach for all cases is summarized in Table 3 .
Cascade decays including
HITs plus a multi-bump m(ℓ + ℓ − ) distribution: a smoking gun for inoAMSB models Next, we examine the distribution in m(ℓ + ℓ − ) for cascade decay events containing: ≥ 2 high p T jets, large E miss T and a pair of same flavor/opposite-sign (SF/OS) dileptons. This distribution has for long been touted as being very useful as a starting point for reconstructing sparticle masses in SUSY cascade decay events, because it may contain a kinematic mass edge from
In the case of the inoAMSB1 benchmark model, where ml L,R < m Z 2 -and a substantial mass gap between ml L and ml R is featured-we expect two distinct, well-separated mass edges: one from Z 2 →l L ℓ and one from Z 2 →l R ℓ decays. In addition, a peak at m(ℓ + ℓ − ) ∼ M Z is expected, since real Z bosons can be emitted from cascade decays including Z 3 → Z Z 1 , Z 4 → Z Z 1 and W 2 → Z W 1 (in the case of benchmark model inoAMSB1, these decays occur with branching fractions 25%, 6% and 29%, respectively).
In Fig. 15 , we show the m(ℓ + ℓ − ) distribution from inoAMSB1 (red histogram) in frame a). Here, we require cuts C1, along with E miss T > 300 GeV and A T > 900 GeV, which completely suppresses SM backgrounds. Indeed, we see clearly a Z boson peak at M Z , along with two distinct mass edges occuring at m(ℓ + ℓ − ) = m The 182 GeV edge comes from Z 2 decays throughl R , while the 304 GeV edge comes from Z 2 decays throughl L . We also show the same distribution for the mAMSB1 (green) and HCAMSB1 (blue) cases from Table 1 . The mAMSB plot contains two mass edges as well. However, since in mAMSB we expect ml L ≃ ml R , these edges nearly overlap, and are essentially indistinguishable. In the case of HCAMSB models, the bino-like neutralino is the Z 4 and is quite heavy, while Z 2 and Z 3 are mainly higgsino-like. The higgsino-like states decay strongly to vector bosons, as does W 2 , giving rise to a continuum m(ℓ + ℓ − ) distribution which contains a Z peak [13] . Thus, while the presence of SUSY cascade decay events at LHC containing HITs would point to AMSB-like models, the different m(ℓ + ℓ − ) distributions which are expected would allow one to differentiate between the mAMSB, HCAMSB and inoAMSB cases! In frame b)., we show inoAMSB models with m 3/2 = 70 and 80 GeV. These distributions also show the expected double edge plus Z peak structure that was found for inoAMSB1, although now the mass edges have migrated to higher m(ℓ + ℓ − ) values.
Discussion and conclusions
In this paper, we have examined the phenomenology of supersymmetric models with the boundary conditions m 0 ∼ A 0 ∼ 0 at M GU T , while gaugino masses assume the form as given in AMSB. We call this model gaugino-AMSB, or inoAMSB or short. Such boundary conditions can arise in type IIB string models with flux compactifications. They are very compelling in that offdiagonal flavor violating and also CP violating terms are highly suppressed, as in the case of no-scale supergravity or gaugino-mediated SUSY breaking models. However, since gaugino masses assume the AMSB form at M GU T , the large U(1) Y gaugino mass M 1 pulls slepton masses to large enough values through renormalization group evolution that one avoids charged LSPs (as in NS or inoMSB model) or tachyonic sleptons (as in pure AMSB models). The expected sparticle mass spectrum is very distinctive. Like mAMSB and HCAMSB, we expect a wino-like lightest neutralino Z 1 , and a quasi-stable chargino W 1 which could leave observable highly ionizing tracks in a collider detector. The spectrum is unlike mAMSB in that a large mass splitting is expected between left-and right-sleptons. We also investigated what happens if the string scale M s is much lower than M GU T . In this case, the entire spectrum become somewhat expanded, and if M s < ∼ 10
14 GeV, then the left-sneutrino becomes the LSP, which is excluded by double beta decay experiments.
We also investigated in detail some aspects of LHC collider signatures. Since mq < mg in inoAMSB models, we expect dominantqq andqg production at LHC, followed by 2-bodyq andg decays. This leads to collider events containing at least two very high p T jets plus E miss T as is indicative from squark pair production. > 300 GeV and A T > 900 GeV. In frame b), we show the same distribution, except taking inoAMSB with m 3/2 = 70 and 80 TeV.
While squark and gluino cascade decay events should be easily seen at LHC (provided m 3/2 < ∼ 110 TeV), the signal events should all contain visible HITs, which would point to a model with m W 1 ≃ m Z 1 , as occurs in anomaly-mediation where M 2 < M 1 , M 3 at the weak scale. We find an LHC reach for 100 fb −1 of integrated luminosity out to m 3/2 ∼ 118 TeV, corresponding to a reach in mg of about 2.6 TeV.
We also find that the invariant mass distribution of SF/OS dilepton pairs should have a distinctive two-bump structure that is indicative of neutralino decays through both left-and right-sleptons with a large slepton mass splitting. This distribution would help distinguish inoAMSB models from HCAMSB, where a continuum plus a Z-bump distribution is expected, or from mAMSB, where the two mass edges (present only if m 0 is small enough that ml L and ml R are lighter than m Z 2 ) would be very close together, and probably not resolvable.
